Clinical Decision Making
Diabetes Spectrum Volume 16, Number 3, 2003 Although osteoporosis is the most prevalent metabolic bone disease in the United States, its impact in a people with diabetes is not often considered. Routine screening or initiation of preventive medications for osteoporosis in all patients with type 1 or type 2 diabetes is not recommended at this time. However, all patients with diabetes, and particularly those with fractures, should be given general recommendations regarding adequate dietary calcium intake, regular exercise, and avoidance of other potential risk factors. Consideration of bone density evaluation should be part of the fracture evaluation, and respective preventive or therapeutic interventions should be applied. S.A. is a 48-year-old white woman who has had type 1 diabetes for 28 years and has been on numerous insulin regimens. She presents with acute ankle and wrist pain after tripping over her new small dog and falling onto her outstretched right hand.
Her past medical history reveals a fracture involving her first metacarpal 5 years ago while she was learning to snow board. She has no family history of osteoporosis. She does not smoke or drink alcohol. Her diet history is poor because she "eats on the run." S.A. has maintained her hemoglobin A 1c [A1C] around 7.5-8% during the past 5 years. She states that she has had A1C concentrations close to 8% for most of her life with diabetes.
She recalls having a height of 5'6" in her 20s, but she is currently 5'4" tall. Her weight is 120 lb., giving her a body mass index (BMI) of 20.6 kg/m 2 . She has had normal menses all of her life until her current perimenopausal state. She has developed complications of diabetes including mild neuropathy and retinopathy without laser therapy.
Physical examination reveals a mild dowager's hump and right wrist and ankle edema, with pain to palpation. X-rays confirm fractures at both sites. She is placed in splints and referred to an orthopedic surgeon for further evaluation.
Six months later, S.A. returns for a visit with her primary care provider with healed fractures.
Laboratory values obtained at her 6-month follow-up, including serum calcium, alkaline phosphatase, complete blood count, complete chemistry profile, thyroid-stimulating hormone, and urinary calcium, are all normal. A bone density measurement shows a hip T score of -1.5 and spine L1-L4 T score of -2.8.
S.A. is started on a weekly bisphosphonate (BPN); calcium, 500 mg three times daily; and vitamin D, 600 IU/day. A nutrition consultation is requested for evaluation of her overall diet, with an emphasis on adequate calcium intake.
The physical therapy department evaluates her gait and works with her on gait maneuvers to decrease her falling risk. She is advised to wear hip pads in all of her activities to protect her in case of a fall.
In addition, she is referred to an eye specialist to optimize her visual acuity, and she is given home safety advice to reduce the risk of falls around her home.
This case illustrates a common presentation of osteoporosis in a patient with type 1 diabetes. Osteoporosis is a bone condition defined by low bone mass, increased fragility, decreased bone quality, and an increased fracture risk. 1 Using World Health Organization (WHO) criteria, the Third National Health and Nutrition Examination Survey (NHANES III, 1988-1991) reported that 34-50% of postmenopausal white women have osteopenia (T score -1--2.49) and 17-20% have osteoporosis (T score ≤ -2.5).
2 Both low bone mass conditions increase fracture risks, with osteoporosis having the greater impact.
Any fracture unrelated to motor vehicle accidents that is sustained between the ages of 20 and 50 years is associated with a 74% increase in the future risk of fractures after the age of 50 years. 3 Thus, it is important not only to treat a patient's present fracture, but also to implement a plan for future fracture risk reduction.
Although osteoporosis traditionally has not been listed as a complication of diabetes, patients with either type 1 or type 2 diabetes are among those at increased risk for this disease. However, because of the different pathogenetic mechanisms of type 1 and type 2 diabetes, there is no uniform entity of diabetic osteopathy. In the remainder of this article, we review the important relationship between diabetes and osteoporosis and the current management recommendations.
Risk Factor Assessment
Historically, bone strength has been determined by bone mass, geometry, and quality. The WHO defines osteoporosis in terms of bone density measurements compared to the young adult mean. Bone mineral density (BMD) obtained via dual X-ray absorptiometry (DXA) is the most common standard tool for bone mass assessment.
Although DXA is the best current predictor and evaluator of osteoporosis, it is not a perfect diagnostic tool because there are many micro-architectural bone qualities and bone geometries that are not detectable via DXA. Therefore, a comprehensive risk assessment for osteoporosis should include a falls risk assessment, visual acuity testing, and nutrition evaluation. Risk factors for osteoporosis are listed in Table 1 .
Type 1 diabetes
Type 1 diabetes has long been associated with low bone density. However, it was unclear until recently whether this translated into increased fracture rates. Results from the NordTrondelag Health Survey from Norway 4 showed a significant increase in hip fracture rates among females with type 1 diabetes (relative risk 6.9, confidence interval 2.2-21.6) compared to nondiabetic age-matched female control subjects.
Duration of diabetes seems to play a key role given the lower BMD found among patients who have had diabetes for > 5 years. In the Iowa Women's Health Study, 5 women with type 1 diabetes were 12.25 times more likely to report having had a fracture than women without diabetes.
Diabetic retinopathy, advanced cortical cataracts, and diabetic neuropathy have all been associated with increased fractures. 6, 7 These are also risk factors for increased falls because of visual impairment and alterations in balance or gait. Thus, any diabetic patient presenting with an osteoporosis-related fracture should also have vision and balance evaluations.
For patients with type 1 diabetes, the initial onset of the disease often occurs at a young age, when bone mass is still being accrued. Thus, low bone mass is not a surprising complication of type 1 diabetes. Levels of glucose control among this population has not been correlated with the severity of osteoporosis. However, bone resorption is decreased during periods of high blood glucose. 
Type 2 diabetes
When considering all of the risk factors (Table 2) , patients with diabetes generally have an increased risk of falling because of peripheral neuropathy, possible hypoglycemia, nocturia, and visual impairment. Bone quality changes may also be affected by microvascular events common in diabetes. 9 Schwartz et al., 10 in a large prospective study of older women obtained from the Study of Osteoporotic Fractures, confirmed that women with type 2 diabetes experience higher fracture rates than do nondiabetic women in regions of the hip, humerus, and foot.
Bone loss has been observed to be greater in patients with poorly controlled diabetes than in those whose diabetes is in good control. 11 Bone resorption has been reported to be higher in patients with poorly controlled type 2 diabetes, and this was shown to normalize with glycemic control. 8 Had the present case involved a patient with type 2 diabetes, a similar evaluation and treatment recommendation would have been performed.
Evaluation
Although no consensus exists regarding a standard evaluation, common screening studies were obtained for S.A. to rule out any potential secondary causes of osteoporosis before starting therapy. Theses include thyroid function test (subclinical disease); a comprehensive chemistry panel (kidney, liver function, calcium, phosphorus, and albumin); complete blood count (bone marrow process); and 24-hour urine calcium (low levels suggest vitamin D deficiency, and high levels are seen with hypercalciuria).
A bone density test was performed to assess the severity of her disease. Interpretations of these tests are fraught with errors. Had her DXA test report shown normal bone density, the formal report would have been requested for review to rule out technical errors that may cause the test to be falsely normal. 
Treatment
Treatment should be offered to all patients with osteoporosis-related fractures (Table 3) .
Nonpharmacological therapy
Nutritional considerations. Several nutrients and metabolic factors have an impact on the development and maintenance of adequate bone mass and density. Protein; phosphorus; calcium; vitamins C, D, and K; fluoride; manganese; and zinc all play a role in bone development and maintenance. 12 The calcium-to-phosphorus ratio, caffeine and sodium intake, and body weight are other factors that have all been considered when evaluating the optimal nutritional intervention for osteoporosis prevention and management.
However, it has been well documented that of all these nutrients, dietary calcium intake by most Americans, particularly females, is below the recommended levels for optimizing bone mass during growth and minimizing bone loss during aging. 12 Therefore, the focus of nutrition recommendations for osteoporosis has been on this important mineral.
The National Osteoporosis Foundation (NOF) recommends that all adults receive at least 1,200 mg/day of elemental calcium and 400-800 IU/day of vitamin D. Dietary supplements are helpful in meeting the NOF recommendations for calcium. Increases in urinary calcium are higher with calcium citrate than with other forms of calcium supplementation. Thus, many experts believe that calcium citrate is more readily absorbed than calcium carbonate in standard available doses. Calcium should be given with meals to enhance absorption.
The bioavailability of calcium from foods needs to be considered when determining total dietary calcium intake and planning calcium-adequate diets. 12 In animal-derived foods, calcium is attached to readily digested protein, which is then absorbed. In contrast, the calcium in some vegetables is in complex forms that are indigestible or in the form of poorly absorbed phytates and oxalates (organic anions).
13 A 1-cup (8-oz.) serving of milk, which provides 300 mg of calcium, will actually provide ~99 mg of delivered calcium. In contrast, a 300-mg serving of spinach, will provide ~9 mg of delivered calcium. 12 Dairy products, particularly fluid milk, are a concentrated source of soluble dietary calcium. For patients who are lactose-intolerant, the calcium from soybeans is well absorbed. Current fortification of foods with calcium will assist in planning diets providing a higher level of calcium. Beverages such as orange juice and bread products enriched with calcium are now readily available. Table 4 provides a listing of the average calcium content of selected foods.
Ninety percent of our vitamin D supply comes from the skin's production of this nutrient through sunlight activation. Vitamin D deficiencies can easily occur in people who spend most of their time indoors. A main role of vitamin D in bone health is to promote intestinal calcium absorption. Therefore, vitamin D and calcium impact osteoporosis in an interdependent manner.
Excessive intake of vitamin D, a fat-soluble vitamin, can lead to toxicity, promote soft tissue calcification (particularly in the kidney), and induce hypercalcemia. Vitamin D deficiency can result in secondary hyperparathyroidism and increased bone turnover.
The 400-800 IU/day recommendation for vitamin D is more easily met than the recommendation for calcium.
Milk is fortified to provide 400 IU of vitamin D, and many grain products are enriched in vitamin D.
The key to nutrition management of diabetes and osteoporosis is to provide an individualized diet that meets the goals of optimal blood glucose control and maximizes calcium intake by eating a wide variety of foods.
Weight control. It is recognized that lean women are at a higher risk of developing osteoporosis than are heavy women. However, obesity and overweight are associated with comorbidities including type 2 diabetes, hypertension, cardiovascular disease, and hypertension. It is therefore recommended that nutrition intervention include weight management such that body weight falls within the acceptable BMI range of 18. 14 Exercise, along with diet, is a critical component of successful weight management programs. Exercise can have many clinical benefits. In addition to yielding improvements in bone mass, it also results in improved overall muscle strength, which is important in preventing falls.
It should be noted that while exercise is advocated, patients should not undertake exercise programs that could be harmful. Patients who have vertebral osteoporosis, for example, should avoid back flexion exercises, particularly those involving weights, because such activities can increase fractures. 15 Stretching, strengthening, impact, and balance exercises are effective ways to improve flexibility and prevent falls. Of the balance exercises, tai chi has proved to be the most successful in decreasing falls. 16 
Pharmacological therapy
Of the available prescription agents available for osteoporosis treatment, a BPN was chosen as the therapeutic agent for S.A. because there are data to support reduction of both vertebral and hip fractures with its use. Hip fractures are associated with morbidity that results in loss of independence and is our primary target for future fracture reduction for the patient discussed. BPNs are also available in an oral weekly formulation, making compliance easier for S.A., who is always on the go. Most current treatment recommendations have shifted toward the use BPNs as a result of numerous clinical trials showing marked reductions of 40-50% in both spine and hip fractures. 17 There have been no negative reports in large randomized controlled trials regarding the use of BPNs in people with diabetes. In fact, a recent small trial suggests that alendronate may actually decrease daily insulin requirements ( -21.6% at 12 months and -36.2% at 24 months) among type 1 diabetic patients with osteoporosis. 18 Larger confirmatory trials are needed.
Had this patient not been able to tolerate bisphosphonate therapy, our second choice might have been raloxifene (RLX), although there are no hip fracture reduction data for this product. Recent published trials measuring fasting blood glucose, A1C, and insulin levels in type 2 diabetic patients revealed that RLX does not significantly affect glycemic control. 19 The other agents available, including salmon calcitonin, have been approved by the Food and Drug Administration for treatment of postmenopausal osteoporosis. Hyperglycemic effects of salmon calcitonin have been reported. Inhibition of insulin secretion may be related to this effect. 20 There are no large randomized trials to support any significant effect on diabetes control from the use of nasal salmon calcitonin. A small trial involving insulin-dependent diabetic patients suggested that calcitonin depresses elevated levels of circulating glucagon and glucose.
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Estrogen and parathyroid hormone (PTH) therapy were not chosen for this patient because they are not indicated based on current literature. Results from the recent Women's Health Initiative study 22 indicate that combination hormone replacement therapy should not be initiated or continued for the primary prevention of coronary heart disease because the overall health risks (e.g., development of breast cancer, heart disease, stroke, and blood clots) exceed the benefits (e.g., reduction in hip fractures and colon cancer rates). PTH is a potent anabolic agent that has been shown to increase bone density of both spine and hip when given as an intermittent injection. 23 However, it is currently not used as first-line treatment for osteoporosis and is quite costly compared to the other agents available.
Patient Education Points
Patients with diabetes should be educated about the following: • BMD screening is necessary for all postmenopausal women > 65 years of age and of those < 65 who are in high-risk groups.
• Patients with low bone density or high falls risk should wear hip protectors. These devices have been reported to reduce the risk of hip fractures by a significant 60%. 24 • Proper nutrition should include a variety of calcium-containing foods. Exercise, including a balance program, is also important.
• Home safety measures should be implemented to reduce hazards around the home that could increase the risk of falls.
Summary
Recognition of at-risk patients is critical in both prevention and treatment of osteoporosis. Having either type 1 or type 2 diabetes increases a patient's risk of developing an osteoporosisrelated fracture. BMD measurements, although supportive of the diagnosis of osteoporosis in diabetic populations, are not foolproof assessment tools. All diabetes-related factors should be considered in assessing osteoporosis, and fracture risk reduction should be recommended to diabetic patients.
Patients with low-impact fractures or osteoporosis should be offered treatment including both nonpharmacological and pharmacological therapies. The decision to initiate therapy should be individualized.
